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What do the ions '5N*~ and '*C*" have in common?

A They have 10 neutrons in their nuclei.

B  They have more electrons than neutrons.

C  They have a valence electronic configuration of 3s2 3p°.

D  They contain the same number of nucleons in their nuclei.

Ans: B
species N3~ u“eH
number of protons 7 6
number of neutrons 8 8
number of electrons 10 10
number ::o_mo:m. 15 14
valence electron configuration 2s? 2p° 2s? 2p8

What is the order of decreasing enthalpy change for the three reactions shown?

Rb*(g) — Rb?(g) + e~ AHy
Bri(g) — Br(g) +e” AH,
Kr(g) — Kr*(g) +e” AH3

1

DT} > AHs > AH;

>T} > DIm > DIN

o ® >

AH, > AHy > AHs

3] AHz > AH3 > AH,
Ans: B

All 3 equations are for ionisation energy.

Rb*, Br™ and Kr are isoelectronic with 36 electrons.

Nuclear charge increases from Br~ < Kr < Rb* while shielding effect remains constant.
Nuclear attraction for the most loosely held electron increases from Br~ < Kr < Rb*.
Largest amount of energy is required to remove the most loosely held electron from Rb*.

NJC/H2 Chem Prelim/01/2025 [Turn over
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Barium dithionate, BaS:0s.2H:0, is soluble in water.
S;0¢% ions slowly decompose in acidic soiution.
8:0¢*(aq) — SO2(g) + SO« (aq)

3.513 g of BaS204+2H:0 is dissolved in some water and the solution made up to the mark with
HCl(aq) in a 100 cm? volumetric flask.

At time x min, a white precipitate of mass 0.661 g is present in the flask.
What is the concentration of BaS20s in the volumetric flask at time x min?
[Ar: Ba, 137.3; S, 32.1; O, 16.0; H, 1.0}

A 0.0077 mol dm-?

B  0.0090 mol dm™

C  0.077 mol dm=

D 0.090 mol dm™
Ans: C
Amount of BaS;0s.2H,0 = 3.513g

(137.3+32.1X2+16.0X6+18.0X2)

= 0.01053 mol

The white ppt is BaSOs.

Amount of BaSO4 = 0.661g

(137.3+32.1+16.0x4) = 0.002831 mol
Amount of BaS;0s at x min = 0.01053 — 0.002831 = 0.007698 mo!

[BaS;0¢] at x min = % = 0.077 mol dm™2

1000
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The diagram below shows two containers of argon gas connected by a closed tap. Each
container has a volume of 500 dm3.

tap
20 g argon 120 g argon

The temperature of the system is changed to 250 °C and the tap is opened.
What is the pressure of argon within the system at 250 °C?

A 7.29kPa B 14.6 kPa C 153kPa D 305kPa
Ans: C

_ 20 , 120 _
Total no. of mol of Ar = TR 3.508 mol

Final volume (both 500 dm?® vessels connected) = 1000 dm® = 1 m?
Final Temperature, T = 250 + 273 = 523K
Apply pV=nRT

P =287 - 3:509B31X523 _ 15 251 Pa = 15.3 kPa (3 s.f)

v 1

The standard enthalpy change of combustion of but-1-ene, CH;=CHCH;CHi(g), is x kJ mol™.
The standard enthalpy change of the reaction 2C2Hs(g) —+ CH;=CHCH:CHs(g) is y kd mol™1.

What is the standard enthalpy change of combustion of ethene, C.H4(g)?
A m +y kJ mof™!

B ?m_aao_.A

¢ Y mort
2
D leu\ kJ mol™!
Ans: C
AHr = 2(AHc C2Hs) — AH; CH>=CHCH2CH3

¥ = 2(AHc CoHq) - x

AH CoHg = % kd mol™

NJC/H2 Chem Prelim/01/2025 [Turn over
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Which suggested mechanism is consistent with the experimentally-obtained rate equation?

rate equation suggested mechanism

A | rate=KNOJMH | 2NO+H, —— N;O+H,0

slow
—

N2O + H; Nz + H,0

B rate = k[NOJ’[H,]* 2NO+Hz — N0 +H,0

slow

N2O+H: — N2+ H0

C | rate=KHOZI] | H0:+T — 10+ H0
H02 +10- 2 I+ H,0+0,

D | rate=KkHOJO] | H:02+I° —— I0°+H,0
MOz +10- ¥ I +H,0+0,

Ans: B

For A and D, N20 and IO™ are intermediates so they cannot appear in the rate equation.

For C, the rate equation in the option is for the first step but the first step is not the slow step.
Hence A, C and D are wrong.

For B, rate = k[N2O}{H:] since the second step is the slow step. N0 is formed from the first
step and it involves 2NO and 1Hz, hence the rate equation after substituting N.O as 2NO and
1Hz is rate = k[NOJF{H2)>

NJC/H2 Chem Prelim/01/2025
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Ans: B

For option A

Property 1 cannot be atomic radii as it
should be a continuous_decrease
across the period due to increase in
nuclear attraction for the outermost
electron. This is because of increase in
nuclear charge but constant shielding
caused by the same number of inner
electrons.

For option B

Boiling point of chloride compounds
decreases from NaCl to AICl; as AICls
is a simple covalent molecule therefore
easier to overcome the intermolecular
temporary dipole induced dipole than
ionic bonds in giant ionic lattice of NaCli
and MgClz.

From AICl; to PCls, they have the
structure of simple covalent molecules
with Mr of AICls (133.5) < SiCls (170.1)
< PCls (208.5). B.pt increases with
increasing ease of distortion of the
electron cloud of the chloride
compound.

Hence property1 shows the cormrect
trend in the b.pt of chlorides across
period 3 element.

For option C

Melting points of oxides across the
period should peak at SiO; since it has
a very strong giant covalent {attice.
Phosphoric oxide is a simple covalent
molecule, therefore there should be a
drastic drop of m.pt from SiO2 to P4O1e.
Hence property 1 cannot be m.pt of
oxides across period 3 elements.

For option D

Electrical conductivity should increase
from Na to Mg to Al due to increase in
number of mobile charged -carriers

NJC/H2 Chem Prelim/01/2025

Property 2: Electrical conductivi
increase from Mg to Al due to increase in
number of mobile charged carriers (more
electrons in the sea of delocalised electrons).
Electrical conductivity should be very low for
Si while P exhibit zero electrical conductivity.
Hence graph shows a wrong trend for
electrical conductivity.

Property 2: acid base property of oxide
depends on the nature of bonds present in
the oxide compound. While ionic oxide tends
to be basic and covalent oxide is acidic; ionic
oxides with significant covalent character will
be amphoteric, this is usually observed when
cation has high charge/size ratio.

pH of oxides in aqueous medium not only
depends on the nature of the bonds,
solubility also matiers.

NazO is basic and fully soluble in water,
therefore pH very high (highly alkaline).
Solubility of MgO less than NazO but more
than Al.Os, hence pH of MgO > Al,Os,

pH of Al:O; and SiO; are both equal to 7
because both are insoluble in water but
Al,0; is an amphoteric oxide while SiO; is an
acidic oxide.

Oxides of P dissolves in water to give
phosphoric acid therefore pH is very low.

Hence property 2 shows the correct trend for
pH of aqueous oxides across period 3.

First jonisation energy of elements across
period should exhibit a general increasing
trend due to increasing nuclear attraction for
the most loosely held electron. This is due fo
increase in nuclear charge but constant
shielding effect by the same number of inner
shell electrons.

Hence property 2 cannot be first ionisation
energy.

For chlorides across period 3 element, they
are all soluble in aqueous medium. For
chlorides that dissociates into ions in aq

[Turn over
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(more electrons in the sea of
delocalised  electrons).  Electrical
conductivity should be very low for Si
while P exhibit zero electrical
conductivity. Hence graph shows a
wrong trend for electrical conductivity.

medium, cation hydrolysis gives rise to acidic
solution. Extent of cation hydrolysis increases
with charge/size ratio of the cation. Hence
AICl; (aq) more acidic than MgClz(aq) while
NaCl is neutral (pH =7)

On the other hand, covalent chlorides react
with water to form HCI therefore the pH value
should be low for both SiCl, and PCls.

Hence graph of property 2 does not agree with
the pH trend of aqueous chlorides across the
period.

10.0 cm?® of 0.100 mol dm™ of dilute sodium hydroxide was titrated against 0.100 mol dm™ of

dilute ethanoic acid.

What is the volume of dilute ethanoic acid required to produce a buffer with maximum

buffering capacity?

A 500cm? B  10.00 cm?®

Ans: D

In this case, the buffer formed should contain a mixture of weak ethanoic acid and its
ethanoate conjugate base. Excess ethanoic acid must be added to produce a buffer, making

option A and B incorrect.

Veqv = 10.0 cm?® (reaction involved a monobasic acid and a monobasic base with the same

concentration).

Since maximum buffer capacity occurs when the concentration of ethanoic acid and the

C 1500cm?® D

20.00 cm?

ethanoate conjugate base, 2Veqv = 20.0 cm? of ethanoic acid must be added.

NJC/H2 Chem Prelim/01/2025
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17

22  Which hydrocarbons undergo substitution reactions to form only one monochioro-derivative?
1 cyclobutane
2 2,2-dimethylpropane
3 2-methylpropane
A 1and2only B 2and3only C 1 and 3 only D 1,2and3

|

Cl

23  The alkene 2,4-dimethylpenta-1,3-diene reacts with two moles of HBr to give X as the major
product. v

What is the structure of X?

>

CHzBrCH(CH;)CHzCBr(CHs).

CHBrCH(CH;)CHBrCH(CHs)z
C  (CH3)CBrCHBrCH(CHs):

D (CH3)2CBrCH,CBr(CHs)z
Ans: D

J\J\ . + N

2 tertiary carbocations

Br Br

major product

NJC/H2 Chem Prelim/01/2025 [Turn over
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Which compound can form an organic product with molecular formula CsHgsO, when heated
with excess acidified potassium dichromate(V1)?

A
HO

o @
I I
Q Q
/7 7
o]

D HO

3

Ans: C

The number of O did not increase, so the compound cannot be any primary alcohols which
will become carboxylic acids (increase by 1 O), or aldehydes which will become carboxylic
acids (increase by 1 O).

The compound is the one with secondary alcohol(s) which will be oxidised to ketones (no
change in number of O)

Para-coumaric acid is an antioxidant in coffee.

O

IQyF<\

OH
para-coumaric acid

When treated with aqueous bromine, what is the maximum number of bromine atoms that can
be incorporated into a molecule of para-coumaric acid?

A 2 B 3 c 4 D 5
Ans: C

2 Br substituted on 2-position relative to OH

Maximum of 2 Br added across C=C (minor product)

NJC/H2 Chem Prelim/01/2025
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Methyl ethanoate, CHsOCOCHs undergoes acidic hydrolysis in the presence of H'0.
Which products are formed?

1 CH;'*0H

2  CHsCO'"OH

3  CHOH
A 1and2only B  1and3only C 2and 3only D 1,2and3
Ans: C

CH3sOCOCH; + Hz'®*0 — CH30H + CH3CO'"¥0OH

H of H2"*0 adds to the alcohol and the **OH of H»*0 adds to the carboxylic acid in hydrolysis
(0]
s |
H3C—0-5-C—CHj
k3

H 'SoH

NJC/H2 Chem Prelim/01/2025 [Turn over
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Use of the Data Booklet is relevant to this question.
The following electrochemical ceil was set up at 25 °C.

©

§
m_ salt bridge

Which of the following statements are true?

solution containing
[Bra}= 1 mol dm™
[Br} =1 mol dm2

solution containing
IMnO47} = 1 mol dm™2
[Mn2*] = 1 mol dm-3
[H*] =1 mol dm~®

Pt electrode ‘Pt electrode

1 When silver nitrate crystals are added to the Bra/Br- haif cell, E..) becomes less
positive.

2 The AG®of the above reaction is - 434 kJ mol-'.

3 Addition of water to the MnO4/Mn?* half-cell has no effect on the E.e of the
cell.

A tonly B  2only c 1 and 2 only D  2and 3only
Ans: C

MnO4 + 8H' + 5e & Mn?* +4H,0  (x2) E* =+ 1.52v
Br.+2e = 2Br- (x5) E* =+ 1.07V
Overall equation: 2MnO4~ + 8H* + 2Br- 0 2Mn?* + 8H.0 + 5Br:
E®en=+1.52 1.07 = +0.45V

Option 1: True;

When silver nitrate crystals are added to the Bro/Br— half cell,

Ag* reacts with Br—~

Brz + 2e = 2Br-

[Br] decreases, POE shifts right and Eanoce is more positive. Hence Eci becomes less
positive.

Option 2: True;
AG® = —nFE?®, where n = 10 electrons transferred
AG® = — (10) x 96500 x (+0.45)

=-434 kd mol* (3s.f)

Option 3: False;

Addition of water to the MnO4/Mn?/H* will decrease the concentration of all the ions. POE
shifts (left) to the side with more ions to increase the concentration, Ecanoss More negative.
Ecen more negative.

NJC/H2 Chem Prelim/01/2025
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NATIONAL JUNIOR COLLEGE
SH2 PRELIMINARY EXAMINATION
Higher 2
CANDIDATE
NAME
SUBJECT REGISTRATION
CLASS NUMBER
CHEMISTRY 9729/02
Paper 2 Structured Questions 16 September 2025
2 hours

Candidates answer on Question Paper.
Additional Materials: Data Booklet

READ THE INSTRUCTIONS FIRST

For Examiner’s Use

Write your subject class, registration number and name on all the 1 116
work you hand in.
Write in dark blue or black pen on both sides of the paper. 2 14
You may use a soft pencil for any diagrams, graphs or rough
working. 3 n7
Do not use paper clips, highlighters, giue or correction fluid.
Answers all questions. 4 16
5 nz2
The number of marks is given in brackets [ ] at the end of each _u.w.qu_n 175
question or part question. ota
Marks Weightings
Paper 1 130 15%
Paper 2 175 30% Overall
Percentag
Paper 3 /80 35% e
Paper 4 /55 20% Grade
This document consists of 19 printed pages and 1 blank page.
[Turn over

Answer all the questions in the spaces provided.

1 925 silver, also known as sterling silver, is an alloy that is commonly used to make jewellery. It
consists of 92.5% silver and 7.5% other metals, such as copper, by mass. Over time, the alloy
can form a tamnish of Ag.S(s) when it reacts with hydrogen sulfide, as represented by the
following equation.

@ O

(i)

2Ag(s) + HzS(g) 40 Ag:S (s) + Hz(g)

Write the full electronic configuration for copper.
152 252 2p® 352 3p® 3d° 4s'
Note: Cu has a special configuration of 3d"? 4s’
Common mistakes
- Putting 4s' before 3d'°
- Configuration written as 1s; 25, 2ps 3s; 3ps 3d1p 451

M

State and explain the difference in atomic radii for silver and copper.
has one more filled electronic shell than Cu. The distance of its valence

outermost electron in Ag is weaker. Thus, atomic radius of Ag is larger.

Common mistakes
- Students mention shielding effect but did not state the further distance as

a factor as well.

- Another common mistake is that having more electrons/more inner subshells
does not always means a further distance of the valence electrons from the
nucleus.

- Students mention both nuclear charge and shielding effect being higher for
Ag but did not mention that the higher shielding effect and further distance
outweighs the higher nuclear charge.

- Students also often miss out nuclear attraction for the valence electrons.

- Outweigh and not offset/nullified/cancelled out.

(2

(b) The Ag.S tarnish on sterling silver can be removed until only sterling silver remains. A
student weighs a tamished sterling silver sample both before and after removing the Ag.S
and records the data in Table 1.1.

Table 1.1
mass before Tarnish Removal /g 54.23
mass after Tarnish Removal /g 52.34

NJC/H2 Chem Prelim/02/2025
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Energy / kJ mol!
4

2Ag* (q) + O (q)

2Ag*(g) + O(g)+ 2e +798)

- 141
2Ag(g) + O {g) + e

2 (+731)
2Ag (g) + O(g)

A
!iagg)=t xB.E
2Ag (9) * J02 (@) | fgry

y

L.E
2 (+285)
2Ag (s) + 102 (g)
of
Ag:0 (s) ,_\ -31 v
By Hess Law,

-31=2(285) + 5 (496) + 2 (731) + (- 141) + 798 + LE
L.E = -2968 = -2970 kJ mol "

Common mistakes

- Axis not drawn

- Putting Electron affinity before lonisation energy in the energy level diagram

- Bond energy for the oxygen is left out.

- Students forget to x2 to the ionisation energy of Ag but instead include in
2" |.E for Ag

- Students are not familiar with the use of Hess's law. Many students
changed the AH; sign for Ag.0(s) ta +31kJmol-'and 13 EA of O to

+141kJmol-'.
M

(d) Rhodium plating is a process used to protect sterfing silver from tarnishing. This involves
electroplating (depositing) solid rhodium, Rh(s), onto the surface of the metal from an
acidified solution of Rh2(SO4)s (ag). Oxygen gas is produced during this process.

One of the half equations involved in this reaction is

Rh3* + 3e & Rh *=+0.76 V

NJC/H2 Chem Prelim/02/2025 [Turn over

(i

(i)

{iv)

Write the half equation for the reaction that has resulted in the formation of oxygen
gas in this reaction and hence, write the balanced ionic equation for the overall
reaction.

[0] : 2H:0 —> Oz + 4H* + 4e”

cannot accept reversible arrow.

4Rh** (aq) + 6H,0 (/) 4O 4Rh (s) + 302 (g) + 12H"* (aq)
must have state symbol for ionic equation
Common mistakes

- [0] equation not written with [J
- The basic equation is chosen instead.
- The balanced equation does not have state symbol
[2]
Calculate the value of E*c for the overali reaction in part (i).
Mm:" m.m«n - NR
=+0.76 V-1.23V
==047V

Yl

Based on your answer to part (ii), explain why this process requires the use of an
external power source.
cet 1S negative, which means the reaction is not energetically feasible and thus

Generally, well done

1

Calculate the current that must be supplied for 3.5 g of Rh to be piated onto a piece
of sterling silver in 3 minutes.

At the cathode: [R] Rh** + 3¢ —— Rh
; 3.5
Amount of Rh deposited = Tozo - 0.0340 mol
77e = 3 x 0.0340 = 0.102 mol
IXt=n.xF
_ng XF _ 0.102 x 96500 _
I= P 3% 60 = 54.7A

Generally, well done

(2]
[Total : 16)
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(b) P and Q are compounds containing the same functional groups.

Both compounds

readily decolourise bromine in the dark

liberate a gas with sodium metal

do not have O atom bonded to an unsaturated carbon atom

react with hot acidified potassium manganate(V1) to give the products as shown in
Table 2.1.

Table 2.1

compound products of oxidation

(o]
P (CeH120) and CO,

Q (CsH:0)
HO OH

(ii)

Considering the molecular formulae of the two compounds together with the
information given above, name the two functional groups that are present in
compounds P and Q.
Alkene and alcohol

{2]

Generally well done

Suggest the structures of compounds P and Q.

Compound P Compound Q
OH

CH,

CH3CH,C———=CHCH,OH

Note: For compound P, =CHCH.OH oxidises to give ethanedioic acid, HOOC-
COOH, which is further oxidized by KMnOj4 to give 2CO, + H.0

Note: From Table 2.1, oxidation of Q gives only one product with same number of
carbon atoms as Q, we can deduce that Q contains C=C in a cyclic ring.

NJC/H2 Chem Prelim/02/2025 [Turn over

10

(2]
Common mistakes

- Students incorrectly drew terminal alkene for P without realising that although
terminal alkenes can give rise to CO; product, it will also give a carboxylic
acid product, which does not tally with the products given in Table 2.1.

NJC/HZ Chem Prelim/02/2025
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13
Fig. 3.1

Show the mechanism for step 2 on Fig. 3.1 by adding a lone pair, curly arrows and dipoles.
State the name of the mechanism involved.

Nucleophilic substitution

CHy )
) — & + ClI

J or |
M\

This was generally well done. Common mistake is to forget to draw the lone pair on the
carbon atom of the —CH;~ group.
{2

Finely powdered sodium ethoxide burns in excess oxygen to give sodium carbonate,
carbon dioxide and water as the only products.
Balance the chemical equation for this combustion.

...... CH3sCHzONa + ......02 {0 NaCOs + .....COz + ......H0
2CH;3CHONa + 60, 40 NaaCO; + 3CO; + 5H;0

Many students found it difficult to balance this equation.

{1

Given the pK. values, explain the order of acidity of the following compounds in aqueous
medium.

compound pKa
ethanol 159
phenol 10.0
ethanoic acid 4.76

CH3CH2OH = CHCH.O + H*
CeHsOH = CsHsO + H*
CH3COOH = CH;COO +H*

NJC/H2 Chem Prelim/02/2025 [Turn over
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The electron-donating alkyl group (CHaCHa-) destabilize CHsCHO by intensifying its
negative charge. The negative charge of CeHsO s dispersed into the benzene ring via

resonance. The negative charge of CH;COO is dispersed significantly over 2 highly

electronegative O atoms via resonance.
Stability of CHiCOO > C¢HsO > CHiCH,0

Ethanoic acid dissociates most readily into H* and its conjugate base, followed by phenol
and lastly ethanol. Hence acidity of ethanoic acid > phenol > alcohol.

This question was not well done.

Common mistakes

1. Referring to the acid molecules when talking about “dispersal of negative charges” and
the “intensification of negative charge” or when talking about “stability”. Students should
be referring to their respective conjugate bases instead.

Many students are ambiguously using the name of the acid and its conjugate base
interchangeably as if they are referring to the same thing. Also, many are using the
pronoun “it” in an ambiguous manner to refer to the acid and its conjugate base in the
same sentence. This makes it hard for the marker to award marks.

2. Focusing on “delocalization of the lone pair electrons on O atom” in the phenol and
ethanoic acid molecules, rather than to focus on the “dispersal of negative charge” in the
phenoxide and ethanoate ions.

3.Not clearly stating the orders of “stability of conjugate bases” and the “extent of
dissociation of the acid molecules”.

4. A number of students used incorrect terms to refer to the conjugate base of ethanol
and do not seem to know that the conjugate base of ethanol is called “ethoxide”, despite
the name of the sait “sodium ethoxide” being used in the question stems in 3(a) and 3(c).

i3]
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4 Although carbon monoxide, CO, is a poisonous gas, it is an important starting material in the
synthesis of many industrially important compounds.

(a) (i) Draw a ‘dot-and—cross’ diagram to show the bonding in carbon monoxide.

:C::0:
® X x
Common mistakes

- The dot and cross drawn shows Oxygen having more than 8 electrons in the
outermost shell.

|

(ii) Suggest why carbon monoxide is poisonous.

Carbon monoxide binds more strongly than O,  with iron ion in haemoglobin to

Common mistakes

- Students did not give the idea that carbon monoxide forms a more stable
complex relative to oxygen/the more stable complex with CO ligand unlikely
to be replaced by the oxygen.

{11

Carbon monoxide can undergo water—gas shift reaction. The carbon monoxide gas reacts with
steam to produce carbon dioxide gas and hydrogen gas.

reaction 4.1 CO(g) + H20(g) = CO=(g) + Ha(g)

(b) Explain the difference in boiling points of CO and of CO; in terms of the type and relative

strength of the intermolecular forces.

species boiling point/ °C
coO =191
CO: ~-78

Both CO and CO; have simple molecular structure, with permanent dipole—permanent
dipole ({pd-pd) interaction and_instantaneous _dipole—induced dipole
interaction between the CO molecules and id—-id interaction between the CO.
molecules CO; has a higher M, and a larger electron cloud than CO, dipole is more
easily induced resulting in stronger id-id interactions. More energy is required to
overcome the stronger id—id interactions between CO: molecules than the intermolecular
forces of atiraction between CO molecules. Therefore, CO2 has a higher boiling point than
Co.

Common mistakes

- Students mistaken identify both CO and CO. being polar and compare the
difference due to pd-pd
- Students did not identify the presence of id-id between CO on top of the pd-pd.
2]
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{e) The English chemist William Henry studied the equilibria when an ideal gas dissolves in a

liquid. He proposed that the concentration of the gas dissolved in a liquid is proportional to
the partial pressure of the gas above the liquid surface. This proportionality factor is called

Henry's law constant, Ku. The Henry's law constant, Ky can be represented as the equation
below.

_ maximum concentration of gas dissolved in mol dm?

Ki
H partial pressure of gas in atm

Sealed containers of fizzy drinks contain dissolved CO,. This dissolved CO; is in
equilibrium with a very small quantity of gaseous CO; at the top of the container.

reaction 4.2 CO2 (g) = CO2 (aq)

The Henry's law constant for COz is 3.3 x 102 mol dm™ atm™ at 25 °C.

()  The partial pressure of CO, gas in a can of 250 cm?® fizzy drink is 3.0 atm at 25 °C.
Calculate the concentration of CO; in the fizzy drink and hence the mass of CO,

dissolved in the 250 cm3 of fizzy drink.
_ maximum concentration of gas dissolved in mol dm™3

Ka partial pressure of gas in atm
33x 102 = maximum concentration of gas dissolved in mol dm™3
) B 3
[CO2} = 0.0990 mot dm 3
250
Amount of CO2 = 0.0990 x = 0.02475 mol
1000
Mass of CO, = 0.02475 x (12 + 16 + 16)
=1.089
=1.09g(3s.f)

This question was well done by most. A small number of students forgot to write
the unit for the concentration of COs.

2]
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The maximum pressure that a can of fizzy drink can withstand is 6.2 atm. Using Fig.
4.1, determine the maximum temperature at which the fizzy drink can can be stored
safely.

You may assume that the maximum amount of CO; that is dissolved remains the
same.

007

o
8

=4
&

o
2

e
3

e
S

Henry's Law Constant / mol dm—2 atm-!

[
4

@
<

100

Temperature | °C

Fig. 4.1

Note : In a sealed container, the gas is essentially trapped within the liquid and the
small amount of space above, leading to minimal gas particles in that space. So

when the pressure is increased, the change in the concentration in the fiquid will be
minimal

0.099
Ke==2
= 0.0160 mol dm™ atm™
From the graph,

Maximum temp = 52°C — 55°C

This question was well done by most.
2

Hence, deduce with reasoning, the sign of enthalpy change for reaction 4.2.
When the temperature Is increased, by Le Chatelier's Principle, the system will

partially decrease the temperature by absorbing heat. The position of equilibrium
will ghift to favour endothermic reaction.

As seen from graph, when temperature is increased, the Henry’s law constant

Ky_decreased, the position of equilibrium has shift left to favour endothermic
reaction.

Not so well done. Answers that simply stated the enthalpy change as negative

without explicitly referring to the forward reaction as being exothermic were not given
any credit.
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The increasing environmental concemns over plastic pollution have led to innovations in food
packaging design. Many food establishments now use paper-based takeaway containers coated
with either polyethene (PE) or polylactic acid (PLA) instead of conventional plastic containers.

® O

(i

monomer polymer

ethene polyethene (PE)
QO mI 3
0—C-C
OH i m_u
OH H n
lactic acid polylactic acid (PLA)

State the HUPAC name of lactic acid.
2-hydroxypropanoic acid
(11
Common mistakes
- Some students put a hyphen between the hydroxy and propanoic acid
- Some students wrote ‘hydroxyl' instead. Note that hydroxyl refers to the
alcohol functional group.

Similar to propene, ethene undergoes addition polymerisation to form polyethene.
Lactic acid undergoes a different type of polymerisation as a by-product is formed.
Identify the by-product and hence state the type of polymerisation undergone by
lactic acid to form PLA.

By-product: HO

Type of polymerisation: Condensation polymerisation

M
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(iii) The equation for polymerisation of lactic acid to form PLA is found to be:
2n CH3CH(OH)CO2H — n X + by-product — PLA

X is a cyclic intermediate with the molecular formula of CgHgOs.
X does not react with Na.

Draw the skeletal structure of X.
o o)

OH HO O

HO

0 (0]

X
(1
{c) Tom Yum soup is cooked with Thai bird's eye chilies, lime juice and lemongrass to give
the characteristic sour and spicy flavour. A Thai food stall vendor is choosing between

takeaway food containers coated with PE or PLA to contain hot Tom Yum soup.

By considering the structures of PE and PLA, and the properties of Tom Yum soup, explain
which type of takeaway food container you would recommend to the Thai food stall vendor.

| would recommend PE

As Tom Yum soup is acidic and hot, the ester bond in PLA is likely to undergo acidic
hydrolysis.

PE will not undergo acidic hydrolysis.

(2
Common mistakes
- Some students explained that PLA has pd-pd interactions between polymers,
requiring more energy to overcome compared to id-id befween PE, hence have
higher melting point and can withstand hot food.
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Section A
Answer all the questions in this section.

1 (a) A student investigated the thermal decomposition of Group 2 compounds. He heated a
mixture of 2.50 g of magnesium nitrate and magnesium carbonate using the setup shown
in Fig. 1.1, fill no further change was observed. A colourless gas of a volume of 80.8 cm®
was collected at 30 °C and atmospheric pressure.

U

(i)

(iif)

gas syringe
Solid
w mixiure conical flask
NaOH (aq)

heat

Fig 1.1

Write balanced equations for the thermal decomposition of MgCOs and Mg(NOs)..
|

MgCO3 0 MgO + CO.

Mg(NQ3): TMgO + 2 NO2 + %2 Oz

Explain the purpose of sodium hydroxide in the above setup and hence identify the
gas collected in the gas syringe. [2)
NaOH(aq) reacts with the acidic gases (CO2 and NO).

The gas collected in the gas syringe is Oa.

Calculate the percentage by mass of magnesium nitrate presentin the mixture. (3]
Mg(NO3): 0 MgO + 2 NO2 + % O3

pV =nRT

101325 x 80.8 x 107¢
laa = 0.003252 mol
Amount of Mg(NOs)2 = 2 - 0.003252 = 0.006504 mol

Mass of Mg(NOs)z = 0.006504 - (24.3+14-2+16.6) = 0.9644 g

0.9644
———-100% =386 %
250

Amount of O» gas collected =

% by mass of Mg(NOs)2 in mixture =
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(e

(iv) Sketch the pH volume added curve you would expect to obtain when 50.00 cm? of
the HC! solution is added to 10.0 cm® of the pool water sample. Label the various

key points on the curve. 2]
pH Maximum buffer
4+ capacity
11.66
10.33 F J
7 V\ mn:?m._m»:om
-+ poin

6.35 ) \
S~

» Vol. of HCI
10 20 30 46 50 added / cm?®

First maximum buffering capacity occurs when there is 1:1 of COs? and HCO;
POH = pKot
pH = 14 - pOH = 14 {-1g(2.13 x 10%)] = 10.33 (2 d.p.)

Second maximum buffering capacity occurs when there is 1:1 of HCO; and HCO;
pOH = pKez
pH = 14 — pOH = 14 {-ig(2.25 x 10"%)] = 6.35 (2d.p.)

Shape of pH curve
o Correct shape with 2 equivalence points
sharp change in pH at the equivalence points
pH is approximately constant near the point of maximum buffering capacity
Final pH would approach low pH

o Axis with units
o initial pH
e pH and volume for maximum buffer regions
o pH >7 at the first equivalence point
Lithium carbonate is a sparingly soluble salt with a K, value of 8.15 x 10 4.

Calculate the solubility of lithium carbonate. [2}
Let the solubility of LiCOz be s

Li2COx(s) = 2Li*(aq) +  COs?*(ag)

| f/mol dm™ 0 0
C /mol dm -5 +2s +s
E /mol dm= 2s s
NJC/H2 Chem Prelim/03/2025 [Turn over

Kep of LiCOs = [LIF[COs*] = (25)(s)
8.15 x 104=4s°
5§=5.88x 10Zmoldm 3

[Total : 19]

2 Cobaltis a transition element that can form coloured ions of various oxidation states in aqueous

solutions.

a ®

(i)

(i

i)

Explain what is meant by the term fransition element. 1
Transition elements are d—block elements which form one or more stable ions with
a partially filled d subshell.

Explain why aqueous solution of Co® ions is coloured. [3]
In the presence of ligands, electronic repulsion between lone pair electrons of ligands
and the electrons in the 3d orbitals causes the degenerate 3d-orbitals of the Co®*
jons to split into two different energy levels with a (small) energy gap, AE. This
process is called d-splitting.

As the 3d subshell is partially filled , electrons in the lower energy d orbitals can
absorb light of a certain wavelength in_the visible light spectrum with ener:
ap, AE, and be promoted to the higher energy 3d
orbital. This process is called d—d transition.

The colour observed is the complement of the colour mvwoqcmn.

Explain why cobalt ions can exhibit variable oxidation states while calcium ion can
only have oxidation state of +2. [2]
Due to the close similarity in energy of the 3d and 4s orbitals of cobalt, (different
numbers of)_3d and 4s electrons can be removed to form stable ions of different
oxidation states.

However, once the valence 4s electrons of calcium are removed, the subsequent
electrons removed must come from the next inner quantum shell which reguired
large additional amount of energy and hence, calcium ions does not have variable
oxidation states.

NJC/H2 Chem Prelim/03/2025
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reaction between K;S,0s, and KI.

$;08*(aq) + 2I"(aq) +0 2504 (aq) + I(aq)

(d) A series of experiments were carried out to investigate the kinetics of the uncatalysed

The initial concentrations of the K2S:05s and KI solutions in the mixture, and the time taken

for the mixture to darken for the various experimental runs are given in Table 2.2.

Table 2.2
Epmnen | e | e | "
1 0.10 0.20 35
2 0.05 0.20 70
3 0.20 0.067 50
4 0.02 0.75 2

(i) Determine the rate equation for the uncatalysed reaction.
Since we are monitoring time taken for a fixed amount of I. to be formed,
1

rate « ————
time taken

Comparing expt 1 & 2, [KI] remain constant and
[K28204] x 2, rate also x 2.
Hence it is first order w.r.t K2S20s.

Comparing expt 1 & 3, let rate = k[K2S20g}[KI}*
For expt 1 : - = k(0.10)(0.20)"
For expt 3 : = k(0.20)(0.067)*

1/50 _ k(0.20)(0.067)%
1/35 wﬁopaw@hsx
_ (0.067)
0.35= a0
Taking ig on both sides,
0.4559 = 0.4750 x
xHA1
Hence it is first order w.r.t KI.

Rate = k[K2S204][K1]

131

NJC/H2 Chem Prelim/03/2025 [Turn over

(i)

10

Calculate the time taken for the mixture in experiment 4 to darken. M
Using expt 1,

Rate = _A—AumuOm”_ =A~_
1
% =k (0.1)0.2)
k= 1429

Using the value of k for expt 4,

1
= 1.429(0.02)(0.750),

Time taken = 46.7s
Sketch the graph of rate constant, k, against concentration of Ki at constant

temperature. {1
k

[Ki}
Note: rate constant k is only affected by temperature and catalyst.

[Total : 20]
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(b) Fig. 3.2 shows a two-steps reaction proposed by a student to synthesize paracetamol.

H O
4
NO; NH, N—C—CHs
Step 1 Step 2
A @)=
Ha(g), Pt(s) CHCOOH
OH OH OH
Paracetamol
Fig. 3.2
His teacher pointed out there were mistakes in both Step 1 and 2.
(i) State the cormrect reagent and condition for Step 1. 1]

Sn, conc HC/, heat, followed by excess NaOH
(i)  Using CH3COOH in Step 2 would produce compound G instead of paracetamol.

Identify the structure of compound G. 1
NH3* CHaCOO"

OH amine undergoes acid-base reaction with CHsCOOH to give sait.

Note: No net charge for “compound”. Must show both ions.

(iii) Describe the observation when neutral FeC/ls(aq) is reacted with paracetamol. [1]
Violet/purple colouration

NJC/H2 Chem Prelim/03/2025 [Turn over

14

(c)

morphine heroin
Fig. 3.3

In contrast to paracetamol, narcotic analgesics such as morphine and heroin are used to
relieve intense pain. Studies on the structural activity of morphine molecule has identified
the three essential functional groups of morphine that bind strongly with the pain receptors
and block the transmission of pain signals between brain cells are as follows:

1. Phenolic —OH group
2. Aromatic ring of phenol
3. Positively charged amine group

When injected into human body, these drug molecules need to cross the hydrophobic
blood-brain barrier to reach the pain receptors. It is observed that polar moiecules cross
the blood-brain barrier less readily. In the brain, esterase enzymes catalyse the hydrolysis
of the ester groups.

R-COO-R' + H,0 10 RCOOH + R-OH

() Inthe physiological pH of 7.4, the tertiary nitrogen atom of morphine and heroin is
protonated. On Fig. 3.3, complete the structure to show the protonated form of
morphine. [1]

HO

HO""

(ii) Suggest why heroin shows greater pain-relieving effect than morphine despite
lacking the essential phenolic ~OH group to bind with the pain receptors. [2]

Heroin is _a less polar molecule than morphine, and it is able to pass the

predominantly non-polar blood-brain barrier more readily than morphine molecule.

In the brain, the heroin molecule undergoes hydrolysis by esterase enzymes to
roduce the morphine molecule which would have the essential phenolic ~OH group
to bind with the pain receptors.

NJC/H2 Chem Prelim/03/2025
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(b} Solution J was cooled and an aliquot was mixed with an excess of acidified potassium

iodate(V), KIO;.
The overall stoichiometry of the reaction taking place in the conical flask is
10Fe?*(aq) + 21057 (aq) + 12H*(aq) V0O 10Fe* (aq) + I» (aq) + 6H.0(l)
All of the liberated iodine was titrated with standard aqueous sodium thiosulfate.
L(aq) + 28,0+ (aq) 40 21 (aq) + S40s*(aq)

In one titration, a 25.0 cm? aliquot of J requires 18.60 cm? of 0.150 mol dm~ Na,S:0s(aq)
to reach the end-point.

Calculate the molar concentration of Fe?* in solution J. 2]
Amount of $,05%" = % x 0.150
=0.00279 mol

S0l = 2:1
Amount of Iz = ¥z x 0.00279 = 0.001395
lz:Fe*=1:10

No. of mol of Fe?* = 10 x 0.001395
=0.01395 mol

{Fe2*] in solution J = 222% = ¢ 558 mol dm-?

000
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{c)

(d)
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Liberated iodine is kept dissolved in solution by a large excess of iodide via the equilibrium:

L2 (aq) + I"(ag) = Li"(aq) K. =7.1 x 10? mol~'dm?
Just before the end-point of the titration, the combined iodine concentration, [I2} + [I37], is
about 1.0 x 10™* mol dm™3, while the iodide concentration remains at 0.10 mof dm™3.

() Write the K. expression for the equilibrium. 1]

=171
Ke [r21ir-]

(ii) Using these data and the K. expression for the equilibrium, calculate the
concentration of free iodine, [I2], present at this stage of the titration. [2]
Given [lo] + [ls] = 1.0 x 10

fla]=1.0x10*~{l)] - (1)

N L 2 __
Ke TS 7.1 %102 - (2)

Substituing eqn 1 into eqn 2:

10X10™* —[1,] _

= 2
AT 7.1 x 10

LOX107% —[1] _

12
TATCYT) 7.1 % 10

72[1=1x10 ¢

[i2] = 1.39 x 10 mol dm=®

(ili) Hence determine the percentage of the total iodine present as free I.. 1]
_ 139x10°%
% of free Iz = =~—--=-% 100
= 1.39%

Note: itis given that total jodine concentration, {Io] + [137], = 1.0 x 10~¢ mol dm™3

Describe and explain the trend in the thermal stability of the hydrogen halides HCI, HBr
and HI. Include an equation for the thermal decomposition reaction in your answer. [3]
2HX{OH2 + X,

H-X bond is broken during the thermal decomposition of H-X. Down the Group, bond
energy of H-X decreases from H~C/ (431 kJ mol™) to H-I (299 kJ mol™"), and less energy
is needed to overcome the H~X bond.

Thus, the thermal stability of the hydrogen halides decreases down the Group.

NJC/H2 Chem Prelim/03/2025
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(iv) Draw a reaction mechanism for step 2 and step 3. Include all relevant charges and
curly arrows. Include the structure of the organic intermediate. 2}

0
Q i
C-H

O

So-H
step 3t [E0)] ~+ Ay, — + HCL + Ascy,

Label positive charge on electrophile

Label “slow” in step 2

Correct use of arrow to show movement of electrons
Correct intermediate with “opening” and positive charge.
Break C H to regenerate aromatic ring

Show balanced equation in regenerating HC/and AICl3

(v) Benzaldehyde formed can undergo further reaction to form methylbenzene.

v CHs

— ©

State the type of reaction that benzaldehyde undergoes and explain your answer. [2]
Reduction reaction. This is because there is gain of hydrogen atoms/ loss of oxygen
atoms by benzaldehyde.

(b} The concentration of chromium(VI) in aqueous solution may aiso be determined using a
colorimeter.

On adding 1,5-diphenyicarbazide, DPC, to a solution of chromium(VI) ions, an intensely
coloured octahedral complex is formed. The formula of the complex is [Cr(DPC);]°*.

(i) The coordination number of the complex, [Cr(DPC)s]®* is 6.
Explain what is meant by coordination number for the complex, [Cr(DPC)s]°*. [1]

Itis the number of co-ordinate bonds (dative bonds) that the central metal ion, Cré*,
formed with DPC ligands.

NJC/H2 Chem Prelim/03/2025 [Turn over

(

c)

(ii) The structure of DPC is shown.

rrp
z«.zanolzl

a c d

DPC is able to act as a bidentate ligand using lone pair electrons on Na and Na.
Explain why the lone pair electrons on Ny and N, are not available. [1]
Lone pair electrons on N» and N. are significantly delocalised to the adjacent C=0
with highly electronegative O atom.

(i) Suggest why the intense colour of the complex, [CHDPC)3]%, is not due to the
movement of electrons between split d-orbitals in the chromium ion. 1]
Cr® has an empty d subshel! hence there is no d-splitting and d-d transition.

Potassium dichromate(VI), KzCrz07, is present in very small amounts in cement, to help
increase the time for the cement to set.

A 50.0 g sample of cement was washed with portions of deionised water to dissoive the
potassium dichromate(VI). Any insoluble residues were removed by filtration and the
filtrate was transferred to a volumetric flask. The volume was made up to 100.0 cm? using
2.0 mol dm® sulfuric acid.

50.0 cm® of this solution was transferred to a conical flask and titrated with a solution of
ammonium iron(II) sulfate, (NH4)2Fe(SOa)z, of concentration 3.24 x 10~* mol dm™3. The
following reaction occurs.

6Fe? + Cr,02 + 14H* 10 2Cr* + 6Fe® + 7H,0

The indicator N-phenylanthranilic acid was used, which gave an intense red-violet colour
at the end-point.

The mean titre of ammonium iron(IX) suifate was 10.90 cm?.

(i)  Suggest a reason why an indicator is necessary in this titration. [1]
The colour change from orange to green at the end-point is not distinctive / not sharp
enough / not easy to detect (without an indicator).

(i) Calculate the percentage by mass of potassium dichromate(VI) in the cement
sample. 3]
10.90
Amt of (NH4)2Fe(S04)2 = T000 3.24 x 107
=3.532 x 107 mol

Amt of Cr,072" (in 50.0 cm?) uw x 3.532 x 10~
=5.886 x 107 mol

Amt of Cr2072 (in 100.0 cm?) = 2 x 5.886 x 10~ = 1.177 x 107 mol
Mass of KoCr207 in sample = 1.177 x 10° x (2 x39.1 + 2 x 52.0 + 7 x 16.0)

=1.177 % 109 x 204.2
=3.463 x 10™g

NJC/H2 Chem Prelim/03/2025
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